The Web has been used as a medium to facilitate the publication and dissemination of articles which summarise and interpret the outcome of scientific experiments. In this paper we focus on Chemistry to argue that the Grid will facilitate publication at source, the dissemination not only of experimental data, but also contextual information about the conditions, setup, running and ongoing analysis of experiments.
The technical advance which made this possible in reality was, of course, the World Wide Web. Developed at CERN to facilitate "instantaneous information sharing between physicists working in different universities and institutes all over the world" it gave publishers a new medium for making their journal archives available [5] . It also gave authors the means to break the so-called "Faustian bargain" and directly distribute their articles in pre-or post-publication form from their own Web pages [4] or in organised "eprint archives" [3] .
However, it was not only the technical advance provided by the printing press in the late 15th century but the emergence of a reliable postal system and the development of the experimental method in the 16th century that led to the production of the first Scientific Journal in 1665 [8] . Similarly, it may not be simply the technical ability to reproduce and distribute articles electronically (e-publishing), but also the emergence of highly collaborative, large-scale investigations and analyses (e-science) that is likely to lead to significant change in the field of scientific communication and significant changes in the way such communications are produced, curated and disseminated [7] .
THE MULTIMEDIA NATURE OF CHEMISTRY
Chemistry is a multimedia subject, 3D structures are key to our understanding of the way in which molecules interact with each other, dynamic images and movies are now required to portray adequately the chemist's view of the molecular world. This observation may dramatically change expectations of what a journal will provide, but in reality the technology now available is only just beginning to provide for chemists the ability to disseminate the models they previously only held in the "minds eye". The databases and journal papers indicated in figure 1 link to reference data provided by the authors and probably held at the journal site or a subject specific authority. Further links back to the original data take you to the author's laboratory records. The extent and type of access available to such data will be dependent on the authors as will be the responsibility of archiving these data.
One of the most frustrating experiences for a chemist is reading a paper and finding that data necessary for your own analysis is in a figure that requires OCR to obtain the numbers. Even if the paper is available as a PDF the problems are not much simpler. In many cases the numeric data is already provided separately by a link to a database or other similar service. In many cases if the information required is not of the standard type anticipated by the author then the only way to request the information is to contact the author and hope they can still provide this in a computer readable form. We seek to formalise this process by extending the nature of publication to include these links back to information held in the originating laboratories. In principle this should lead right back to the original records (spectra, laboratory notebooks). It may be argued that for publicly funded research we have a responsibility to make all this information available. The immediate impact that many people may imagine on this is that it will make the detection of fraud much easier, but this is in fact a relatively minor issue. The main advantage will be the much greater use and re-use of the original data and the consequent checking of the data and different approaches to the analysis. The scientific process requires that as much as possible of the investigations are repeated and this applies just as much to the analysis as the initial data capture in the experiments
PAPER MANAGEMENT OR KNOWLEDGE MANAGEMENT
These issues are not new, but require careful reflection with the advent of high bandwidth distributed data grids. Careful curation of results is supposed to be one of the aspects of scientific research. Many laboratories have stocks of paper output from equipment containing the raw data, and in a well run laboratory these rolls will be annotated with all the necessary metadata. However when these are needed the printed information has often faded. Will electronic knowledge management help? Not with out a fundamental shift in the way we record and save the information (i.e. with more regard to re-use by every one). The paper record may be more durable than the electronic. Properly kept paper will survive for hundreds of years but the 5 1/4 inch disks are hard to read because few readers are available -even more of a problem for other technology such as punched cards.
The ability to move data round the Grid could eliminate these problems. The migration of data from one storage device to another could be handled by a central data store. For example RAL will store much of the data needed by the UK community from the LHC at CERN. This passes the problem from the individual to the community. But in many ways this is the opposite of the responsibilities of publication at source where because of the quantities, spread, and widely differing nature of all the data to be recorded (unlike large quantities of the same data form the LHC) it is the individual researcher (and laboratory) who needs to be responsible. We may need to distinguish between management of the information (responsibility of the researcher) and maintenance of the data (responsibility of the archivist).
Issues of access control, security and authentication need to be addressed to control sharing of such experimental data over geographically dispersed collaborations. These issues are common to many uses of the web/grid with the electronic availability simply increasing the degree of concern. In such an environment an audit trail is important, as it is even easier to misunderstand raw data than to misunderstand or misuse a traditionally published result.
If the Data Grid concept works well then it will not be necessary to copy the data resource but simply provide a link to the data (held back at the source laboratory); the relevant bi-directional audit trail will be clearer. This however places additional responsibilities on the authors and maintainers of the source data. It would allow the authors of the data to correct any problems, though this itself highlights the issue of version control to ensure that the ripple induced by such corrections in subsequent analysis can be observed and kept under control.
MULTIMEDIA COLLABORATION
A key issue for Chemists making use of the Grid will be the support it can provide for distributed collaboration. This includes video, multimedia as well as the traditional need we have for visualisation. We have already demonstrated the need for significant, real time, video interaction in the area of running a high throughput single crystal x-ray crystallography service. A demonstration Grid aware system allowing users to interact with the UK EPSRC x-ray crystallography service bases at Southampton has highlighted a number of QoS and security issues that a Grid system must encompass if it is to provide an adequate infrastructure for this type of collaborative interactions. For example the demands made on a firewall transmitting the video stream are very significant.
